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(54) Title: HIGH CAPACITY SINGLE TANK WATER CLARIFICATION SYSTEM 

(57) Abstract 

Raw feed water is continuously clarified 
at a large throughput rate in a single, shallow 
tank clarifier (10) using a flotation process, and 
apparatus, in which flotation is carried out si- 
multaneously in multiple sectors (64) of the tank 
clarifier (10). Raw water is fed in through a ro- 
tating trough (50). A fixed manifold system (24) 
in the trough (50) dispenses pressurized water 
containing dissolved air to release microscopic 
air bubbles. A set of headers (28) each radially 
extend outwardly from the rotating trough (50). 
Each header (28) distributes water and bubbles to 
a sector (64) of the tank clarifier (10) with a net 
zero velocity. A set of rotating extractors (30) 
each receives clarified water from the bottom of 
the preceding sector (64). A set of scoops (32) 
skims floating sludge from the water in the tank 
clarifier (10). 




2165793 

/O 95/01304 PCT/US94/07263 



HIGH CAPACITY SINGLE TANK 
WATER CLARIFICATION SYSTEM 

Background of th e Invention 

This invention relates in general to 
apparatus and a process for the flotation clarification 
of water • More specifically, it relates to an 
apparatus and process where multiple such processes are 
carried out simultaneously in a single tank to provide 
an extremely high treatment rate with a high degree of 
compactness . 

Water clarification, the removal of 
particulate contaminants suspended in water, is used to 
treat waste water from manufacturing processes, 
particularly in the pulp and paper industries, in the 
treatment of municipal water drinking supplies, and in 
sewage treatment. The water can be clarified by 
sedimentation or flotation of the particles- Known 
sedimentation techniques and apparatus are efficient, 
but even at peak efficiency they are limited to a 
comparatively slow sedimentation rate, about 0-5 
gallons per minute per square foot. To handle large 
volumes of raw input water, sedimentation facilities 
must therefore be large, with attendant cost and space 
utilization disadvantages. 

Flotation techniques dissolve a few percent 
of air by volume in pressurized water and then release 
the air in the form of microscopic bubbles which attach 
to the particles and carry them to the surface where 
they form a floating sludge. The particles are usually 
flocculated using conventional flocculating agents such 
as alum. Flotation techniques are theoretically 
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capable of achieving clarification rates of 7.5 gallons 
per minute per square foot of flotation area* 

Applicant holds several U.S. patents on 
apparatus and processes for water clarification by 
flotation. U.S. Patent Nos. 2 , 874 ,842 and 3,182,799 
introduce gas bubbles to a tank with no moving 
components inside or over the tank. Internal 
deflectors and baffles guided the water and the 
flotation process; the turbulence of the water was 
minimal and did not present a design problem. This 
equipment, however, operated slowly. 

U.S. Patent No. 4,022,696 describes an 
improved clarifier of applicant sold commercially under 
the trade designations "SPC", "Supracell", and 
"Supercell" . Flotation occurs in a circular tank. Raw 
water is fed from a raw water inlet pipe at the center 
of the tank, a hydraulic joint, and a manifold that 
rotates about the tank. The inlet flow from the 
manifold is directed opposite to the direction of 
rotating so that the raw water entering the tank has a 
net zero velocity. Flocculation occurs in a 
flocculation chamber, an assembly of pipes, walls and 
baffles that is immersed in the tank and rotates on a 
carriage with the manifold. Another rotating manifold 
introduces dissolved air to the flotation tank 
following the flocculation assembly. A rotating scoop, 
preferably a multiple blade scoop of the type described 
in applicant's U.S. Patent No. 4,184,567 is also 
carried on the carried on the carriage. It scoops the 
floated sludge from the surface of the tank and directs 
it to a central pipe that is inclined to gravity feed 
the collected sludge to a central collection 
compartment. 
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The carriage rotates about the tank at a rate 
such that the floated particles reach the surface in 
about one rotation- With a flotation rate of 12 inches 
per minute, a good degree of clarification can be 
achieved with each rotation using a comparatively 
shallow tank, e.g. 16 to 18 inches of water. While 
these units, operated in this manner, are much more 
efficient than the earlier stationary equipment, and in 
general they are highly successful, they do not provide 
a throughput capacity that can handle a large municipal 
treatment plant without utilizing a large number of 
apparatus. For example, to treat raw water input at 8 
to 9 m'/sec would require more than twelve SPC units of 
the largest size, a 70 foot (about 22m) diameter which 
processes 11,800 gallons per minute, or 0.73 mVsec. 
This many units has serious disadvantages in terms of 
capital cost, operating cost, and space utilization. 
Further, simply increasing the size of each unit and 
operating it at a faster speed does not provide an 
acceptable solution since the increased speed of 
rotation of the carriage required to take advantage of 
the increased size creates turbulence as the 
flocculation assembly and dissolved air manifold move 
through the water with an increased velocity. Also, a 
net zero velocity operation is more difficult to 
achieve at higher rotational speeds. 

U.S. Patent No. 4,377,485 discloses a 
clarifier (sold under the trade designation "SAF") 
operating with the same features as the SPC unit, but 
adding a second filtration stage, a set of sand beds 
covering the bottom of the tank. While the clarified 
water is cleaner than with a comparable SPC unit, the 
SAF has a higher initial cost and does not increase the 
filtration rate. 
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U.S. Patent No. 4,626,345 discloses a further 
clarifier sold under the trade designation "SASF". 
This does not employ the SPC's zero velocity principle, 
but it does offer two stage filtration with sand at a 
favorable cost and compactness as compared to the SAF 
unit. Raw water in this unit enters a central 
cylindrical compartment at the bottom. This 
compartment acts as a hydraulic flocculator. Aerated 
water is introduced to this central compartment by a 
fixed manifold located near the upper end of the 
compartment. Flocculated and aerated water is fed to a 
clarification tank by flowing over the upper edge of 
the cylindrical compartment into the surrounding tank. 
This unit provides good clarification with a compact 
unit, but it does not offer the throughput capacity or 
overall performance of the SPC or SAF units. 

U.S. Patent No. 4,931,175 discloses another 
SPC-type clarifier where a set of concentric, conical 
plates rotate within the tank to increase the length of 
the path traversed by the rising bubbles. With this 
arrangement, it is possible to increase the treatment 
capacity of a given diameter tank, with the increase 
being roughly approximated by the degree to which 
adjacent ones of these conical plates overlap one 
another. A 50% increase in the flotation rate, for 
example, is well within theoretically possible limits. 
However, in practice it has been found that it is 
difficult to obtain consistent increases that equal the 
theoretical maximum. Moreover, even if the inclined 
plates worked as well as theoretically possible, they 
would not increase the treatment capacity of an SPC 
unit sufficiently to treat raw water at throughput 
rates as high as 8-9 m 3 /sec, values necessary in 
certain applications such as the treatment of the 
municipal waste of a major city by retrofitting 
existing sedimentation tanks with a fixed area. 
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It is therefore a principal object of this 
invention to provide a flotation-type water 
clarification apparatus and process which has a greatly 
increased filtration rate for a given diameter tank. 

Another principal object is to provide a 
clarifying system with this greatly increased rate in a 
compact size that does not require significant 
additional space, e.g. room for multiple known SPC-type 
clarifiers. 

A further object is to provide a clarifying 
system with the foregoing advantages that has a 
comparatively low capital cost and weight as compared 
to a comparably sized SPC or SAF unit. 

Another object is to provide a clarifying 
system with the foregoing advantages that can retrofit 
existing sedimentation units. 

Yet another object is to provide a scoop that 
removes floated sludge at a high rate and lifts it to 
promote its movement to a collection compartment. 

A still further object is to provide a 
flotation clarifier with all of the foregoing 
advantages that has a simplified water distribution and 
level control that avoids rotary seals , particularly at 
a raw water inlet feeding flotation tank. 

SVinmairY <?f the invention 

A clarifier of raw water carrying suspended 
particulate contaminants is organized about a generally 
cylindrical, shallow tank that is open at its center 
to accommodate an inlet pipe for the raw water, which 
preferably has been treated with a flocculating agent, 
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and a sludge removal pipe. The sludge removal pipe is 
. preferably capped by a conical funnel that directs 
sludge collected from the surface of the tank by a set 
of scoops to the pipe. The funnel preferably overlies 
an upward flow of raw water from the inlet and then 
downward to a fixed trough that surrounds the inlet. 
The raw water overflows the outer cylindrical wall of 
the fixed trough to a surrounding, rotating trough 
having a bottom wall and inner and outer cylindrical 
walls. The inner wall is preferably in a sliding seal 
with the outer wall of the fixed trough, being engaged 
at its upper end in a downwardly facing flange fixed on 
the outer wall of the fixed trough. A supply of 
pressurized water contained dissolved air is directed 
by distribution ring set in the fixed trough, feed 
conduits bridging to the rotating trough, and a set of 
manifolds with a plurality of narrow-gap outlets to the 
rotating trough. A supply of treated raw water 
containing microscopic air bubbles for flotation 
clarification is thus created in a compact area, 
without the use of a rotary seal or sophisticated water 
level controls. 

The rotating trough feeds water and bubbles 
to the tank via a set of headers that extend radially 
from the trough into the tank. The headers are 
preferably box-like, relatively flat, wide in the 
direction of rotation, and occupy an upper portion of 
the tank. This configuration permits a small profile 
in the direction of rotation to reduce turbulence 
created by movement of the headers in the water. The 
circumferential "width" provides an unrestricted flow 
path from the trough into the header and acts as a 
small, local supply of aerated raw water within the 
tank. This reduces the turbulence of the water as it 
enters the tank. The box preferably has a cross 
sectional area that increases slightly with the radius 



SUBSTITUTE SHEET (RULE 26) 



2165793 

O 95/01304 PCT/US94/07263 



to present a generally uniform pressure profile as a 
function of radius. Multiple outlets feed the water 
from the header to the tank- The outlets are spaced 
and sized to feed a roughly equal volume of raw water 
to the tank at any given radius. Significantly, they 
are also directed generally opposite to the direction 
of rotation so that the water entering the tank has a 
net zero velocity. The headers are preferably 
equiangularly spaced with respect to one another. 

A spider-like carriage rotates around the 
tank. It supports the headers and a like array of 
radially extending extractors. Each extractor receives 
clarified water from the bottom of the tank via a set 
of inlets preferably arrayed along the front or bottom 
surfaces of a box-like structure similar to the 
headers. Each extractor is associated with a header 
and preferably positioned ahead of the headers to 
withdraw water that has been clarified in the sector of 
the tank between that extractor and the immediately 
preceding header. The headers and extractors form sets 
of rotating radially directed lines of water 
distribution and extraction. 

Clarified water proceeds through each header 
to an annular collection chamber located below the 
rotating trough, and defined in part by the outer wall 
of the trough and its bottom wall. In the preferred 
form a sliding contact seal such as a rubber skirt 
secured on the outer wall of the tank forms the seal. 
The collection compartment empties directly to a 
clarified water outlet pipe. Also in the preferred 
form, the extractor has a sediment rake secured to it 
that scrapes large particles that settle in the tank to 
one or more sediment collection sumps that feed outlet 
pipes . 
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The floated, flocculated contaminants collect 
on the surface of the water held in the tank as a 
floating layer of sludge. There is preferably a scoop 
mounted on the carriage with each header - extractor 
pair. The scoop has a least one and preferably two 
blades that extend radially over the tank. The scoop 
rotates about its own axis as well as being rotated 
about the center of the tank on the carriage. In each 
revolution of the scoop it skims sludge from the tank, 
lifts it above the surface of the water, and then dumps 
it onto an inclined slide that guides the sludge to the 
funnel and the sludge removal pipe. To lift the 
sludge, each blade directs skimmed sludge to an 
associated compartment which is radially offset from 
the axis of the rotation of the scoop. The compartment 
is configured to dump the sludge during a position of 
each rotation, when the sludge is carried by the 
rotation to a point raised over the surface of the 
water. In another form, the sludge is directed to a 
known passageway at the center of the scoop which is in 
turn inclined to feed the sludge toward the center of 
the tank. There a conduit and a pump lift the sludge 
to an inclined trough that bridges the rotating trough 
and directs the sludge to the funnel. 

Broadly stated, the process of the present 
invention involves operating multiple clarification 
sectors simultaneously in a single tank. To implement 
this process, the invention involves distributing raw 
water to the tank along angularly spaced, radially 
directed lines, removing clarified water from the tank 
along n angularly spaced, radially directed lines, 
rotating these lines in unison to define rotating 
sectors of clarification within the tank each defined 
by one of the lines of distribution and a following 
line of removing, and clarifying the water in each of 
said sectors by flotation. The process further 
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includes removing floated sludge from the surface of 
the tank, preferably along plural rotating, radially 
directed lines. The distributing of the water to the 
tank is with a net zero velocity. The process further 
incudes releasing microscopic air bubbles into the raw 
water at the center of the tank and distributing this 
water and bubbles to the rotating lines. 

These and other features and objects will be 
more fully understood from the following detailed 
description which should be read in light of the 
accompanying drawings. 

Brief Description of the Drawings 

Fig. 1 is a top plan view of a high capacity, 
single tank water clarification system according to the 
present invention; 

Fig. 2 is a view in vertical section taken 
along the line 2-2 in Fig. 1; 

Fig. 3 is a detailed view of the rotating 
water aeration and distribution tank shown in Figs. 1 
and 2; and 

Fig. 4 is a simplified end view of one form 
of rotating scoop that collects floated sludge and 
lifts it. 

Detailed Description of the Preferred Embodiments 

Figs. 1-4 show a high capacity, single tank 
water clarifier 10 according to the present invention. 
It operates on the flotation principal to treat raw 
water containing suspended solid contaminants. Raw 
water is fed by an inlet or supply line 12 to a 
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generally circular tank 14 where the clarification 
occurs. Clarified water flows out of the clarifier via 
an outlet conduit 16. A feed line 18 adds a 
flocculating agent such as alum to the raw water supply 
line 12. Pressurized water with one to two percent 
dissolved air is introduced via a supply ring 20, 
bridging distribution arms 22, and outlet manifolds 24. 
Each manifold 24 has a set of outlets 24a with a narrow 
exit orifice. As is well known in the art, the 
pressure drop experienced by the water exiting through 
this narrow orifice releases the dissolved air in the 
form of a high density of microscopic bubbles. The 
unit 10 includes a spider-like carriage 26 that 
supports and rotates a set of headers 28, extractors 30 
and sludge removal scoops 32 arrayed in three radially 
extending arms 26a, 26a, 26a. 

As shown, the tank 14 is set in a pre- 
existing, circular sedimentation tank 34. To retrofit 
the tank 34, back fill 36 with an overlying layer 38 of 
poured concrete fills the tank 34 yielding a flat 
bottom that supports a bottom wall 14a of the flotation 
tank 14. The tank 14 is shallow. A typical depth for 
the water W held in the tank 14 is sixteen to eighteen 
inches. The tank as shown has a diameter of forty-five 
meters, although it will be understood that the 
diameter and depth can vary, if the tank 14 is not so 
retrofit, its generally flat bottom wall 14a can be 
supported on steel I beams or any of a wide variety of 
structures. Because the water in the tank is shallow, 
it does not have the large mass of a comparably sized 
sedimentation tank filled with water to a much greater 
depth. An outer wall 14b is generally circular. 
Several sumps 40 formed in the bottom wall 14a collects 
large particulate matter that settles in the tank 14 
despite the flotation process. A sedimentation rake 42 
sweeps the sedimentation along the bottom wall to the 
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sumps. Conduits 44,44 carry the sediment from the 
clarifier 10. 

The raw water supply line 12 is centered 
within the tank 14. An upwardly directly flow spills 
over into a fixed trough 48 defined by the innermost 
portion of the bottom wall 14a and a circular outer 
wall 48a. As shown the trough 48 has a diameter of 
about 15 m and the outer wall has a height of 0.8 m. 
The dissolved air ring 20 is located in the trough. It 
is fed by a conduit 20a extending through the bottom 
wall of the trough. The arms 22 bridge the outer wall 
to carry pressurized and aerated water to manifolds 24. 
Their outlets 24a are immersed in water held in a 
rotating trough 50 that surrounds the fixed trough 48 
concentrically. In the first tank the turbulence of 
the raw water is dissipated and the alum is mixed with 
the raw water. The height of the outer wall 48a sets 
the water level, and to some degree controls the flow 
of the raw, alum-treated water, because raw water is 
fed outwardly to the trough 50 by overflowing the wall 
48a. 

The rotating trough 50 has a bottom wall 50a, 
an outer wall 50b and an inner wall 50c. The outer 
wall has a resilient skirt 52 that is in a sliding 
contact seal with the bottom wall 14a of the tank that 
blocks an inward flow of water from the tank. The wall 
50b extends above the height of the wall 48a to block a 
direct outward flow of the water from the trough 50 to 
the tank by simply overflowing this wall. As best seen 
in Fig. 3, the outer wall 48 has a downwardly open 
recess 48a at its outer surface that receives the upper 
edge of the rotating inner wall 50c. This arrangement 
provides a sliding seal that blocks water on either 
side of the wall 50c from flowing back into the trough 
48. Also, a circular weir 54 confines the turbulent 
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spilled over water in a region 50d of the trough. The 
water moves to the main region 50e of the trough 50 by 
flowing over the top edge of the weir. The raw water 
held in the trough region 50e is then chemically 
treated, aerated with microscopic air bubbles, isolated 
from the turbulence of the infeed, and has its level 
automatically controlled by the walls 48a and 50b. 

A set of the hollow, box-like headers 28 
constitute another principal feature of this invention. 
They each extend radially across the tank 14 from the 
wall 50b down to the wall 14b. Each header has upper 
and lower walls 28a, 28b, front and rear walls 28c, 28d 
and an end wall 28e. At this inner end, each header is 
in fluid communication with the trough region 50e 
through an aligned opening 50f in the outer wall 50b. 
The walls 28a-28d are preferably mounted on and sealed 
to the wall 50b. A set of outlets 56 set in the rear 
wall 28d direct the treated water flowing radially 
within the header and exit to the tank via the outlets 
56. The outlets are oriented so that the flow to the 
tank is in a direction generally opposite' to that of 
the header itself as indicated by arrow 58. The size 
and orientation of the outlets is selected in 
conjunction with the rate of rotation of the header to 
produce a net zero velocity of the treated water as it 
enters the tank. This avoids turbulence and is 
conducive to producing a generally vertical path of 
flotation for the bubbles and the particulate 
contaminants adhering to the bubbles. Both of these 
conditions are in turn conducive to a rapid 
clarification of the water in a shallow depth. 

The headers are flat, wide circumferentially, 
and have an internal cross sectional area that 
increases slightly as a function of radius to 
facilitate a uniform pressure drop along the header. 
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This uniformity, in conjunction with a mutual spacing 
of the outlets that decreases as a function of the 
radius along the header promotes a distribution of 
treated water inlet flow to the tank that is generally 
uniform radially across the tank. The flow is uniform 
as a function of the volume of raw water input to a 
unit volume of the tank swept out by the header as it 
rotates. The end result is that each unit volume of 
the tank receives about the same volume of treated 
water regardless of the location of the unit volume 
within the tank. The flatness of the tank helps to 
reduce turbulence due to movement of the header within 
the tank. The width allows a uniform, laminar flow of 
the treated water radially within the header. The 
flatness — a typical value being 50 cm — also allows 
the headers to rotate in an upper half of the tank 
while the extractors rotate in a lower half. 

The extractors 30 are of generally the same 
construction as the headers except that they have 
inlets 60 located on their front wall 30c, and have no 
outlets or inlets on their rear wall 30d." The inlets 
are located, spaced, sized and oriented to receive 
clarified water from a region near the bottom wall of 
the tank. The extractor directs the inflowing water 
radially, along the hollow interior of the extractor, 
to an opening 50g in the trough wall 50b that 
communicates only with an associated one of the 
extractors* Water flowing through each opening 50g 
enters and annular clarified water collection 
compartment 62 defined by the lower portion of the wall 
14a, the outer wall 14a, the recess 48b, the inner wall 
50c received in the recess, and the rotating trough 
bottom wall 50a. The compartment 62 collects water 
from all the extractors and feeds it to the outlet 16 , 
which passes through the layer 38, backfill 3 6 and 
sedimentation tank 34. 
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The extractors extend radially across the 
tank and lie in a lower half of the tank. Their flat 
profile also aids in reducing turbulence due to the 
movement through the water. Each extractor removes 
clarified water from sector 64 of the tank 14 defined 
between that extractor and the rotational ly preceding 
header. To make maximum use of the tanks, each 
extractor precedes only slightly the distributor 
supplies treated raw water to the following sector 64. 
This close grouping of extractors and headers 
facilitates supporting and rotating them in unison on 
the carriage 26. The comparatively large and radially 
increasing circumferential width of each extractor 
accommodate the rapid influx of clarified water from 
entire tank, and especially the relatively larger 
influx from the outer regions where there is a greater 
volume of water swept out by the rotating extractor in 
a given interval than closer to the wall 50b. 

The carriage 26 has a central support post 
26a, a central bearing 26b, a circular mounting 
platform 26c mounted on the bearing for free rotation 
about the post 26a, a rotary electrical joint 26d that 
connects electrical power to the carriage, and a pair 
of generally radially directed support arms 26e, 26f 
associated with each header-extractor pair. Motors 66 
drive wheels 68 propel the carriage 26 and the headers 
28, extractors 30, scoops 32 and trough 50 mounted on 
the carriage to rotate in unison. Idler wheels 70, 
typically six, roll on the bottom wall 14a and support 
each header-extractor-scoop set. Cables 71 extend 
between the ends of adjacent arms of the carriage to 
ensure that the carriage moves in unison with a uniform 
angular spacing between its arms. 

The carriage 26 also supports the scoops 32 
and rotates them around the tank over the surface of 
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the water W held in the tank- A motor 72 and chain or 
belt drive 74 located on each assembly 26g rotate the 
scoop about its own longitudinal axis, as indicated by 
arfbvT76 in Fig. 4. The scoop can be one of a known, 
multi-blade type described in U.S. Patent No. 
4,184,567. in this scoop, multiple curved blades skim 
floated sludge from the surface of the tank. Continued 
rotation directs the scooped sludge to a central 
passageway that is inclined to gravity feed the sludge 
to a central collection point. In the preferred form 
shown in Fig. 4, each scoop has two diametrically 
opposed blades 32a that have a generally truncated 
conical configuration that rotate about a common axis 
of rotation 32b. Interior walls 32c lying along a 
"chord" form a compartment 3 2d that holds the sludge 
until the sludge scooped at the 6 o'clock position as 
shoWi is raised to a dumping position, at about one to 
three o'clock as shown. A radially extending sludge 
trough 78 receives the dumped sludge. The trough 78 is 
inclined to gravity feed the sludge toward an end 
adjacent the wall 50b. A fixed blade 79 guides the 
dumped sludge from the compartments to the trough 78. 
The scoop itself is also inclined in the same 
direction, as best seen in Fig. 2. The lifting action 
of the compartments 32d thus allows the inclination of 
the scoop to be added to that of the trough 78 to 
obtain a better gravity feed than with either acting 
alone. 

The scoop 32 also has a set of diametrically 
opposed blades 32e,32e that also have truncated conical 
configuration with one edge joined with an end of one 
of the walls 32c. Sludge enters the scoop at the 
openings 32f,32f. Continued rotation carries the 
sludge onto interior walls 32g,32g. still further 
rotation dumps the sludge into the trough 78, again at 
the one to three o'clock positions. Rotation of this 
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scoop 32 , having a diameter at its outer end of 80 to 
100 cm and diameter at its inner end of 40 to 50 cm and 
rotated at about 1 revolution per minute has been found 
to remove the accumulated floating sludge from surface 
of the tank at a rate that can keep up with the high 
volume of clarification per unit surface area occurring 
in the tank. 

A sludge lift 80 transports the sludge 
accumulating at the lower end of each of the troughs 78 
to a further trough 82 that is also inclined toward the 
center of the clarifier 10. The troughs 82 carry the 
sludge from the outlet of the lift 80 to the funnel 46 
feeding the sludge outlet conduit 84 that extends 
vertically alongside the raw water inlet pipe. The 
sludge lift can take a variety of forms, but a simple 
and preferred form is a conduit with an associated 
pump. The lift gives the sludge additional height to 
be able to flow downhill to the center of the tank 
despite an inclined, downhill travel to reach the wall 
50b. It also allows the sludge to clear the water 
aeration and distribution functions occurring in the 
troughs 48 and 50. The lift 80 and the associated 
troughs 82 are supported from the carriage with 
mounting arms not shown for clarity. 

Viewed broadly as a process, the present 
invention involves clarifying water by flotation 
simultaneously in multiple angular sectors of a single, 
generally circular tank. This broad process is 
implemented by distributing treated raw water to the 
tank along generally plural radial lines (corresponding 
to the lines of outlets on the headers 28) that rotate 
through the tank. The process also involves 
simultaneously extracting clarified water from the tank 
from each sector, also along plural, generally radial, 
rotating lines in the tank (corresponding to the lines 
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of inlets of the extractors 30) . The distributing is 
preferably with a net zero velocity. The distributing 
also preferably includes introducing dissolved air to 
the raw water at a central region in the tank to 
produce the microscopic air bubbles in the raw water 
and then distributing this treated, aerated water along 
the radial rotating lines. The process of this 
invention also includes removing floated sludge from 
the tank. This removal is also preferably along plural 
rotating lines each associated with one of said 
distributing lines and one of said extracting lines. 

In operation, the headers, extractors and 
scoops are preferably of like number and rotated about 
the center of the clarifier 10 in unison at about 1/10 
to 1/20 revolution per minute. With a forty-five meter 
diameter tank having a depth of sixteen to eighteen 
inches, and with the headers, extractors and scoops 
rotating at about 1/10 revolution per minute, and using 
three headers, three extractors and three scoops to 
define three clarification sectors 64 within the tank, 
it is possible to clarify in the range of 100 to 130 
liters per square meter, about four to six times the 
rate possible with settling tanks of the same area. 
Looking at throughput capacity, this clarifier 10 
utilizing the present invention can process eight to 
nine cubic meters of raw water per second. This is 
twelve to thirteen times the throughput of the largest 
commercially available SPC unit, namely, 0.73 m 3 /sec, 
or 44.07 m 3 /iain., or 11,800 gallons per minute for a 
seventy foot diameter tank. The clarifier 10 of this 
invention, with one unit having a 45m diameter, can 
clarify 184 m 3 /min. , or 265,000 m 3 /<*ay, or 70 million 
gallons per day. No known clarifier of any type can 
come close to this level of perf ormance , and certainly 
not with this degree of compactness. 
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There has been described a water 
clarification apparatus and process which treats water 
at a higher throughput rate than has heretofore been 
possible using a comparable surface area for flotation 
removal of the suspended solid contaminants. The unit 
is compact, has a comparatively small weight and a 
favorable cost of manufacture, particularly when 
compared to collections of known sedimentation or even 
flotation clarifiers having the same treatment 
capacity. The apparatus of the invention avoids 
hydraulic rotary seals at the inlets. It also has an 
automatic water level control at the raw water feed. 
Further, the invention can readily retrofit existing 
sedimentation tanks to increase their performance 
greatly with no increase in space utilization and using 
existing feed lines. 

While this invention has been described with 
respect to its preferred embodiments, it will be 
understood that various modifications and alterations 
will occur to those skilled in the art from the 
foregoing detailed description and the accompanying 
drawings. For example, while the invention has been 
described with respect to flat, wide, box-like headers 
that receive treated water the header can have other 
configurations, such as a circular or oval cross 
section, and the outlets carried on the header can 
include the narrow gap to create the microscopic 
bubbles directly in the tank, these arrangements, 
however, are viewed as similar but less efficient in 
the efficiency of their distribution and the reduction 
of turbulence in the tank. Similarly, water extraction 
can be accomplished using pipes or other conduits of a 
variety of shapes, and with the inlets at the bottom, 
upper or even trailing surfaces. It is also possible 
to utilize a variety of other arrangements to treat and 
distribute the raw water to the headers. Further, 
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while the headers and extractors have been described as 
extending along substantially taught radial lines, they 
could be curved with respect to a radial line. These 
and other variations and modifications are intended to 
fall within the scope of the appended claims. 

What is claimed is: 
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20 
Claims : 

1. (Amended) Apparatus for clarifying raw 
water using a flotation process where dissolved air is 
added to the raw water to form microscopic bubbles that 
attach to suspended particles to float them to the 
surface of the raw water where they form a floating 
layer of sludge, the apparatus comprising 

a shallow tank with a circular outer 
wall and a generally flat bottom wall, 

a raw water inlet at the center of the 

tank, 

a clarified water outlet, 
a plurality of mutually angularly 
spaced, radially extending header means wherein each of 
said header means distributes the raw, aerated water 
with the microscopic bubbles therein across a radius of 
the tank, 

a corresponding plurality of extractor 
means that are also mutually angularly spaced with 
respect to each other and extend radially in the tank 
near its bottom wall for collecting clarified water 
near the bottom wall of said tank along the radius 
thereof; 

means for rotating said plurality of 
header means and corresponding extractor means around 
the tank continuously and in unison with each other, 
each said extractor means collecting water clarified in 
the sector of the tank swept out by the rotation of the 
preceding header means, and 

means for continuously removing the 
sludgfe from the surface of the water in the tank and 
directing it to a sludge removal pipe. 

2. (Amended) The apparatus of claim 1 
wherein said sludge removal means includes a plurality 
of rotatable scoops each associated with one of said 
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headers and a corresponding one of said extractors, 
each of said scoops having at least one blade extending 
radially over the tank and adapted to skim sludge from 
the"surface of the water in said tank and to direct the 
scooped sludge to a passageway extending along said 
scoop, and further comprising carriage means for 
supporting and rotating said headers, extractors and 
scoops with said mutual angular spacing. 

3. The apparatus of claim 2 wherein said 
headers each have a set of mutually spaced outlets 
arrayed along the header, dimensioned, and facing 
generally opposite to the direction of rotation of the 
neader itself to facilitate a generally uniform 
distribution of the raw, aerated water to the tank with . 
a net zero velocity relative to the tank. 

4. The apparatus of claim 2 wherein there 
are n headers where n £ 2, the headers, extractors and 
scoops are equiangularly spaced to divide the tank into 
n sectors and wherein the rate of rotation of said 
carriage means is coordinated wit the feed rate of the 
raw, aerated liquid to the tank to produce a 
substantially complete clarification of the raw water 
in a given sector in 1/n revolutions of the carriage. 

5. (Amended) The apparatus of claim 1 
further comprising means mounted within said tank 
around said raw water inlet and said sludge collection 
pipe for aerating and distributing the raw, aerated 
water to said headers. 

6. Apparatus of claim 5 wherein said 
aerating and distributing means includes (i) a first 
trough that rotates in unison with said headers and 
said extractors, said trough having a bottom wall, and 
outer side wall and an inner side wall, said first 
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trough receiving a flow of the raw water from said raw 
water inlet, and (ii) an outlet manifold for a supply 
of pressurized water with air dissolved therein, that 
is disposed in the rotating trough to release the 
aerated water into the raw feed water to form the 
microscopic bubbles. 

7. The apparatus of claim 6 wherein said 
rotating first trough at least in part defines an 
annular clarified water collection compartment below 
said trough bottom wall, and wherein each of said 
headers is in fluid communication with the interior of 
said rotating trough to receive raw, aerated water 
therefrom and wherein each of said extractors is in 
fluid communication with said clarified water 
collection compartment which is open to said clarified 

K 

water outlet. 

8. The apparatus of claim 6 or 7 wherein 
said aerating and distributing means further includes a 
second trough having a bottom wall and an outer side 
wall, said second trough lying within said first 
rotating trough and adapted to receive the raw feed 
water from said inlet and feed it automatically by 
overflow to said second trough. 

9. The apparatus of claim 8 wherein said 
second trough is "stationary and its outer wall has a 
downward facing flange that receives the outer wall of 
said first trough to facilitate said overflow feed from 
said second to said first troughs and to provide a 
sliding seal between said clarified water collection 
compartment and the raw water in said first and second 
troughs. 

10. The apparatus of claim 8 wherein said 
first trough includes a spillover wall spaced radially 
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outward from its inner wall to isolate the turbulence 
of. the spillover from the aeration at said outlet 
manifolds, and having a height less than that of the 
outer wall to set the level of the water in said first, 
trough and in the tank via said headers, 

11. The apparatus of claim 8 wherein said 
aerating and distributing means further comprises a 
distributing ring for said aerated water that is 
disposed in said second trough and is in fluid 
communication with said outlet manifolds in said first 
trough. 

12. The apparatus of claim 2 wherein said 
sludge removal means further comprises means for 
lifting the sludge collected from the surface of the 
water held in said tank to a level where it is fed by 
gravity to said sludge removal pipe. 

13. The apparatus of claim 12 wherein said 
sludge lifting means comprises a conduit and an 
associated pump. 

14. The apparatus according to claim 12 
wherein said sludge lifting means comprises forming 
said passageway so that it is associated with each 
blade of said scoop and located radially offset from 
the axis of rotation of said scoop whereby during one 
revolution of said scoop its blades each skim said 
sludge over one portion of the rotation, continued 
rotation directs it to the passageway, and further 
continued rotating performs said lift to a point where 
the sludge is dumped from the passageway. 

15. The apparatus of claims 13 or 14 further 
comprising an inclined sludge trough that receives the 
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lifted sludge and directs it to said sludge removal 
pipe. 

16. The apparatus according to claim 6 

wherein said headers are each formed as a box-like 
structure that is comparatively flat, with an inlet 
open at an inner end wall to said first trough and a 
set of outlet open to the rear of said header as it 
rotates to produce said net zero velocity distribution. 

17. The apparatus of claim 7 wherein said 
extractors are each formed as a box-like structure that 
is comparatively flat with an inlet located near the 
bottom of said tank and an outlet in fluid 
communication with said clarified water collection 
compartment. 

18. (Amended) The apparatus of claims 16 or 
17 wherein said box-like structures increase in width 
as a function of radius to promote a uniform pressure 
distribution of the water moving therein. 

19. (Amended) An improved flotation process 
for continuously clarifying high flow rates of raw feed 
water that has been treated with water containing 
dissolved air that is released as microscopic bubbles 
in the water, the bubbles floating particles of 
contaminants suspended in the water held in a shallow 
tank to the surface of the water in the tank where they 
form a floating layer of sludge that is removed from 
the surface and thereby achieving a flotation 
clarification of the raw water in the tank, and 
removing clarified water from the bottom portion of the 
tanks, the improvement comprising 

distributing said aerated raw water to 
the tank along plural, angularly spaced and generally 
radial lines. 
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removing said clarified water along 
plural angularly spaced and generally radial lines, 

rotating said lines of distributing and 
removing about the tank in unison to create plural 
rotating sectors within the tank each defined by one 
said line of distributing and the following said line 
of removing, and 

simultaneously carrying out the 
flotation clarification in said plural sectors of the 
tank. 

20. The improved process of claim 19 wherein 
said distributing is along at least two 

of said rotating lines, and wherein said clarified 
water removing is along a like number of said rotating 
lines. 

21. The improved process of claim 20 wherein 
said simultaneous flotation clarification includes 
removing the floated sludge at a like plurality of 
angularly spaced, generally radially extending, 
rotating lines that move in unison with one set of said 
distributing and clarified water removing lines. 

22. The improved process of claim 20 wherein 
said distributing is with a net zero velocity. 

23. The improved process of claim 20 wherein 
said distributing comprises 

releasing the dissolved air as 
microscopic bubbles in a supply of the water near the 
center of the tank, and 

distributing the water and bubbles into 
the tank along said rotating line. 

24. (Amended) Apparatus for removing 
floated sludge from the surface of a body of water held 
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in a flotation tank having a generally circular outer 
wall, a sludge removal conduit located at its central 
region, and a carriage that rotates about the tank 
comprising, 

at least one blade that extends radially 
across said tank, 

means for rotatably mounting said blade 
on the carriage so that at one portion of each 
revolution about a generally radially extending axis of 
rotation said blade skims sludge from the surface oif 
the water held in the tank, 

a radially extending compartment that is 
mounted to rotate with said blade on the carriage at a 
point displaced radially from said axis of rotation, 
said compartment receiving and holding the sludge thus 
scooped by the blade through continued rotation of the 
blade and to dump the sludge from the compartment 
through an elongated outlet at a portion of each 
revolution where the sludge is raised above the level 
of the water / and 

means mounted on the carriage for 
rotating said blade and compartment in unison about 
said axis of revolution. 

25. (Amended) The apparatus of claim 24 
wherein there are two of said blades and two of said 
compartments located on diametrically opposite sides of 
said axis of rotation. 

26. (Amended) The apparatus of claim 24 
wherein there are four of said blades and four of said 
compartments located with an equiangular mutual spacing 
about said axis of rotation. 

27. The apparatus of claim 26 wherein said 
blades have a truncated conical configuration with the 
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largest diameter adjacent the tank outer wall and the 
smallest diameter adjacent said sludge removal conduit. 

28. The apparatus according to claim 26 
wherein said compartments are each defined by an 
associated one of said blades and a radially extending 
internal wall that holds said scooped sludge and then 
directs it to said outlet where said dumping occurs, 

29. The apparatus of claim 28 further 
comprising an inclined, generally radial directed 
sludge trough that receives said dumped sludge and 
directs it downwardly to said sludge removal conduit. 

30. The apparatus of claim 29 further 
comprising means for lifting the sludge carried in said 
inclined troughs from the* lower end of said trough to 
said sludge removal conduit. 

31. The apparatus according to claim 30 
wherein said lifting means comprises a conduit and an 
associated pump. 
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